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Abstract. Western environs of the Indo-Pak Plate are comprised of thick Mesozoic sedimentary sequence and 
extensively extended toward Trans-Indus Salt ranges of North Pakistan. This sequence consists of detrital clastic 
sediments in the lower level and shallow to deep marine sediments in the upper level. In the Trans-Indus Salt 
ranges the Lumshiwal Formation represents the transitional level of the lower Cretaceous sequence. In Surghar 
Range the lower part of formation is composed of cyclic alteration of clayey, silty, very fine grained greenish 
gray, glauconitic sandstone to rusty brownish gray sandstone. The middle part of formation is comprised of 
thick bedded to massive, cliff forming, sugary texture, whitish to light yellowish gray occasionally rusty 
brownish gray medium to coarse grained, moderate to well cemented sandstone. The upper part is comprised of 
feldspathic, ferruginous, weathering yellowish brown, rusty brown to light gray with locally calcareous 
sandstone beds. The sandstone is reddish to brownish gray, coarse to granules texture, moderately cemented 
thick bedded to massive. Total thickness of the formation is 220m at Baroch Nala section 230m in Karandi 
section at a dip of 60°. Along trend lithological variations and diversified primary sedimentary structures which 
classifies fifteen different sub-lithofacie in Lumshiwal. Middle and upper parts of the formation show massive 
to thick, current bedded deposits. Lithofacies analysis revealed that the Lumshiwal Formation was deposited in 
shallow marine for the lower cyclic part to transitionally prodeltaic to deltaic for the middle to upper part 
respectively. High silica contents in the upper part compare to the middle and lower part of the formation. On 
the basis of high silica and low alumina with other low fractions of rock fragments, the sandstone is categorized 
into quartzarenite, sub-litharenite and sub-arkose. Cross beds in the middle and upper parts of formation indicate 
west to east directed Paleo-current system prevailed during deposition of Lumshiwal Formation. Diagenetic and 
tectonically induced fractures make the formation exceedingly porous and permeable as suitable reservoir 
horizon for the accumulation of hydrocarbon in the Trans-Indus ranges. The same formation has already been 
proven as potential reservoir horizon for hydrocarbon in the Kohat Plateau of northwest Pakistan. Secondly, the 
formation is dominantly comprised of silica/quartz sandstone (quartzarenite) which can be used as silica sand, 
one of the essential raw materials for glass industries. The formation is also comprised of local coal seams 
which can be mined for production of coal in the region.             
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Introduction 
The Lumshiwal Formation of lower Cretaceous age 
has been studied in the Trans-Indus Surghar Range 
western extension of the Salt Range and demarcates 
the southern outskirts of the Kohat Plateau of North 
Pakistan Powel, 1979. Structural trend of the range 
observed north-south from Mitha Khattak to Malla 
Khel and changes to east-west from Malla Khel to 
Punnu (Fig.1). Thick Mesozoic sequence of the lower 
Cretaceous is exposed in the Surghar Range from 
Lumshiwal Nala in the south to the Kalabagh Fault in 
the east. Chichali and Lumshiwal formations of upper 
Jurassic to lower Cretaceous are well exposed in the 
Karandi and Baroch Nala sections south and north of 
Malla Khel village respectively. The underlying 
Chichali Formation comprised of dark greenish gray 
glauconitic massive sandstone bodies with belemnites 
and coiled ammonites (Fatmi, 1972; Danilchik and 
Shah, 1987). Upper contact with Lumshiwal 
Formation is transitional. Comprehensively the 
Lumshiwal Formation is comprised of thick bedded to 
massive, whitish gray to rusty brownish gray, medium 
to coarse grained, current bedded, cemented sandstone 
with the inclusion of silty, sandy, glauconitic shale 
inferring the cyclic alternation towards the transitional 
phase with Chichali Formation. Upper margins of the 
Lumshiwal Formation are massive sandstone bodies 
with feldspathic, ferruginous and carbonaceous 
matter. Upper part of Lumshiwal is unfossiliferous and 
reveals terrestrial/ deltaic conditions of deposition 
except for its basal part which shows occasionally 
preserved specimens of Hibolithes sp., and Gryphaea 
sp. Two sections at different localities in Surghar 
Range have been measured for description of 
lithofacies comprising the Lumshiwal Formation 
(Table. 2). Three lithofacies assemblages have been 
recognized in this formation. The formation is 
comprised of two major types of sandstone 
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Fig. 1 Geological map of central Surghar Range showing Lumshiwal Formation. 
 
facies consisting of siltstone, mudstone, claystone, 
carbonaceous shale, and coal beds (combined 
lithofacies A). These principal lithofacies are 
interbedded by sub-lithofacies of measurable 
thickness to divide the whole formation in fifteen 
different sub-lithofacies (Table. 1). The lithofacies-A 
comprised of seven different sub-lithofacies. The 
middle part of the formation consists of five 
different sub-lithofacies while the lower part of the 
formation is composed of three sub-lithofacies. 
 
Total thickness of the formation is 217m and 220m 
in the Karandi and Baroch Nala respectively at an 
angle of 65°~70°.  Geochemical analysis of the 75% 
samples of Lumshiwal Formation shows that silica 
content is nearly equal to 80%. As per geochemical 
results these samples belong to the category of 
quartzarenite, sub-litharenite and sub-arkose in 
subdivisions of triangle diagram (Fig. 7).               
  
 
Fig. 2 Stratigraphic succession mapped in Karandi Nala (A), and Baroch Nala (B). 
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Structural and Stratigraphic framework   
Structurally Surghar Range is the northern segment 
of the Trans-Indus ranges and the westernmost 
extension of the Salt Range bifurcated by the 
KaIabagh Fault and appears as an arcuate mountain 
belt of North Pakistan. Structural trend of the range 
is north-south from Qubul Khel to Malla Khel and 
twisted to east-west up to KaIabagh Fault system. 
The range is adjacent to the southern limits of 
Kohat Plateau, rimed the Bannu Basin toward west 
and Punjab Foreland to the south (Fig. 1). Uplift of 
the Surghar Range is associated with contractile 
deformation generated as a result of collision 
between the Indo-Pak and Eurasian plates during 
Eocene (Kazmi, et. al., 1997). Structural style 
observed associated to ramp-flat trajectory 
triggered from the basal décollement within the 
Paleozoic-Mesozoic horizon and finally exhumed 
at surface as a gentle thrust sheet placed upon 
Siwaliks in the footwall. The outcropping pre-
Siwaliks hanging wall package is designated as 
Surghar Thrust (Ali, et. al., 2015). The hanging 
wall sequence of Surghar Thrust is making an 
overturned anticline well developed in the vicinity 
of Malla Khel which is named as Malla Khel 
Anticline (Fig. 5). This anticline is the key 
structural element resulted in force fold 
mechanism. The structural geometries of the 
Surghar Range from west to east suggest that 
intensity of crustal telescoping and its uplift is 
progressively increasing with the addition of older 
horizons along the frontal fringes of the range. 
Permian to Eocene platform sequence is exposed and 
thrust southwards above the Siwaliks and un-
deformed Quaternary sediments of the Punjab 
Foreland. The Permian horizon is conformably 
overlain by the Triassic sequence of Mianwali, 
Tredian and Kingriali Formation. This sequence is 
overlain by a thick horizon of Jurassic package 
comprising of Datta, Shinawari and Samana Suk 
Formation. The Jurassic sequence is overlain by 
Chichali and Lumshiwal Formation of Cretaceous. 
The Cretaceous horizon is unconformably overlain by 
the Eocene rocks that is in turn unconformably 
overlain by the Mitha Khattak Formation, 
chronologically equivalent facies of the Rawalpindi 
Group (Table 1) indicating the concluding phase of 
marine deposition and initiation of fluvial 
sedimentation in the region, (Danilchik and Shah, 
1987).  
 
   Table 1. Stratigraphic framework of the Surghar Range (Modified after Danilchik and Shah, 1987).
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Fig. 2 Malla Khel overturned anticline, central Surghar Range. 
 
Lithofacies Analysis  
Lumshiwal Formation is comprised of three main 
lithofacies assemblages of intermingling of marine 
to terrestrial deposits. From top to bottom three 
different lithofacies assemblages are designated as 
“A” (combination of siltstone, mudstone, 
carbonaceous shale, and coal beds), and two types 
of sandstone lithofacies “B” and “C”. The 
individual lithofacies within these assemblages are 
listed in Table 1.   
Lithofacies A: The combined lithofacies composed 
of very fine to fine grained horizon of mudstone, 
claystone, dark gray to blackish gray carbonaceous 
shale and coal beds. Red-iron-oxide staining of the 
sandstone lithofacies is common in this part of the 
formation (Fig. 3).This lithofacies is limited to the 
upper part of the Lumshiwal Formation. The color 
of the mudstone ranges from medium-reddish 
brown, to reddish brown, to black, and the 
mudstone is frequently carbonaceous and 
burrowed. Mudstone occurs as thin (<0.5m), inter 
beds within the sandstone lithofacies in the upper 
half of the formation. In the uppermost part of the 
formation, the mudstone is interbedded and 
gradational with thin claystone, carbonaceous 
shale, and coal beds that are <0.3m thick and 
laterally sporadic. The claystone is carbonaceous, 
often rooted, and comprises of clay that is 
gradational with the carbonaceous shale and coal 
beds (Fig. 3).  
 
Fig. 3 Upper, middle and lower part of the Lumshiwal Formation. 
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Lithofacies-B: This lithofacies is transitional to 
lithofacies-A comprised of sandstone bodies which 
are closely identical to the overlying lithofacies-A. 
Lithofacies-B, is characterized an inter beds of 
laminated olive green shale medium to coarse 
grained sandstone. The sandstone is thick bedded 
to massive current bedded. Occasionally, observed 
low angle cross beds occur in the lower middle part 
of the Lithofacies-B (Fig. 4). Sandstone in the 
lithofacies-B is feldspathic, ferruginous, quartzose. 
Bed of thickness 0.5m observed in this lithofacies 
comprised of sub-angular to sub-rounded granule 
to large pebble size quartz and feldspathic particles 
in the sandstone of lithofacies-B. Staining of red 
iron oxide is frequent in lithofacies-B, particularly 
in upper parts (Danilchik and Shah 1987) (Fig. 5).  
Lithofacies-C This lithofacies represents the lower 
part of the Lumshiwal Formation and comprised of 
variegated color sandstone horizon. It is yellowish 
gray, brownish gray, olive gray, pale-yellowish-
brown, reddish brown, medium to coarse grained, 
moderate to well cemented sandstone lithofacies. 
Beds are parallel and showing cyclic appearance 
(Fig. 5). Thicknesses of beds measured and found 
1.5 ~2.0 m. Fine cross beds are recognized in this 
horizon. Thin bedded silty, sandy glauconitic shale 
interbedded with greenish to rusty brownish gray 
medium grained sandstone occurs towards the base. 
The lower part is fractured and filled by calcite 
solution that appears in the form of veins. Ironstone 
nodules and red iron oxide staining have been 
recorded in the lithofacies (Fig. 6).  
  
         
Fig. 4 Thick bedded variegated quartz sandstone in middle of Lithofacies-B. 
 
        
Fig. 5 Quartz particles bed in the lower middle part of Lithofacies-B. 
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Fig. 6 Lower part of Lumshiwal, iron nodules and calcite filled fractures. 
 
 










































Variegated color, greenish, reddish to brownish gray 
to gray, med to coarse grained, mod to well cemented 
current bedded thick to massive bedded sandstone.
Reddish clayey silty sandy mixed facies with reddish
brown laterite bed at the contact with Hangu Frm.
Greenish gray to brownish gray, medium to fine 
grained well cemented silty sandstone with coal seam.
Reddish brown, medium to fine grained, moderately
cemented sandstone
Greenish gray, medium to coarse grained, moderate
 to well cemented, thick to massive bedded s.stone
Reddish brown, medium to fine grained, moderately
cemented sandstone.
Greenish gray to brownish gray, medium to coarse
grained, moderate to well cemented massive sstone.
Olive green soft to semi hard laminated shale
Greenish gray to whitish gray, med to coarse grained, 
moderate to well cemented massive bedded sst.
Olive to greenish to whitish, creamy color, laminated
shale
Light gray to greenish gray, clayey silty and fine 
grained sandstone, represents cyclic deposition. The 
facies show deep to shallow marine environments. 
Dark gray to blackish gray, medium to thick beds of 
shale inter bedded with brownish black coal seem.
Greenish gray to brownish gray, clayey silty laminated
to fine bedded shale represent shallow marine 
environment.
Light gray to greenish gray, medium to coarse grained 
current bedded, jointed, filled with calcite, massive sst.
Dark greenish gray to bluish gray, clayey silty thick
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Geochemistry of Rock Samples 
Rock samples have been collected from different 
parts of Lumshiwal Formation along Karandi 
section in a sequence from bottom to top. In the 
tabulated geochemical analyses the serial no. 
represents samples succession from bottom to top. 
Silica content increases from bottom to top whereas 
mentioned all the elements decrease from bottom to 
top establishing an inverse relation (Table 3 & Fig. 
7).    
Economic Importance 
Lumshiwal Formation is comprised of 
diagenetically and tectonically induced fractures 
and openings like burrows to make the horizon 
tremendously porous and permeable. These 
characteristics features are apt as potential reservoir 
horizon for the accumulation of hydrocarbon. 
Especially the middle and upper parts of the 
formation is composed of coarse grained to 
granules and occasionally of pebble size particles 
and visually observed  inter-granular void spaces 
are significantly supplementary compared to the 
lower part of the formation (Fig. 5), but lower part 
of the formation is also observed rationally 
tectonically fractured and the same fractures are 
subsequently partially filled by the calcite/silicate 
solution in the form of veins (Fig. 6). Upper part of 
the formation mostly reveals tectonic fractures 
while lower middle and lower part show the 
burrows and hollows probably of diagenetic origin 
of economic importance in the context of 
hydrocarbon accumulation (Fig. 8). The upper part 
of formation is comprised of white to milky white 
fragile to soft coarse grained thick bedded quartz 
sandstone equivalent to silica sand in huge 
quantity. This horizon is 100m thick and laterally 
extended for 40km from Lumshiwal Nala 
Makarwal to the eastern terminus of Surghar Range 
up to KaIabagh fault system. The same can be 
mined / quarried for the raw glass sand material for 
the manufacturing of glass sheet and related 
products of glass industries.           
 
Table 3. Geochemical analysis of the rock samples of Karandi section. 
S.No Sample No SiO2% 
TiO2
% 
Al2O3% Fe2O3% MnO2% CaO% MgO% Na2O% K2O% V2O5% P2O5% 
1 CLK-01/15 66.0 0.69 11.2 2.97 0.01 1.14 0.32 0.05 1.52 0.10 0.05 
2 CLK-02/15 71.5 0.59 9.50 2.83 0.01 0.15 0.36 0.08 1.42 0.07 0.04 
3 CLK-03/15 72.5 0.61 8.55 2.50 0.01 0.16 0.38 0.11 1.35 0.06 0.03 
4 CLK-04/15 73.6 0.60 8.82 1.73 0.01 0.14 0.37 0.06 1.32 0.09 0.04 
5 CLK-05/15 43.9 0.42 11.9 10.4 0.03 3.22 0.68 0.07 1.48 0.06 0.07 
6 CLK-06/15 67.9 0.69 6.64 4.01 0.01 0.17 0.20 0.13 0.92 0.1 0 0.05 
7 CLK-07/15 72.7 0.54 3.72 3.02 0.01 0.12 0.24 0.11 0.66 0.08 0.05 
8 CLK-08/15 88.8 0.88 4.87 3.13 0.01 0.18 0.27 0.06 0.38 0.12 0.04 
9 CLK-09/15 91.6 0.10 2.36 2.35 0.02 0.07 0.08 0.06 0.15 0.02 0.01 
10 CLK-10/15 86.9 0.80 2.73 1.60 0.01 0.06 0.13 0.06 0.19 0.11 0.02 
11 CLK-11/15 88.1 0.05 2.18 1.85 0.02 0.03 0.04 0.05 0.02 0.01 0.01 
12 CLK-12/15 88.4 0.18 1.08 1.79 0.02 0.07 0.07 0.10 0.09 0.02 0.05 
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Fig. 8 Tectonically and diagenatically induced fractures and hollows increased the permeability of medium. 
 
 
The outcropping horizon of Lumshiwal is 
additionally comprised of mineable coal seams 
especially in the upper part of the formation at the 
contact with the Hangu Formation. Thickness of 
these seams at places is of economic values and can 
easily be mined (Fig. 9). The uppermost, lower 
middle and lowermost part of the formation is 
comprised of iron staining, iron nodules in the form 
of iron protuberance along the bedding planes. 
Laterite beds of economic significance are also 
observed at the contact with the Hangu Formation 
of more than 01m thickness and at basal part of the 
formation. This mineral / raw material commodity 
can be mined for cement and steel industries.      
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Fig. 9 lithofacies assemblages in Lumshiwal Formation exposed in Surghar Range. “A” represents 
gradational contact of the Lumshiwal with Chichali Formation, “B” shows the main three lithofacies (parts) of 
formation, “C’ shows limonitic alteration in part-B, “D” shows pebbles size quartz clasts in part-B, “E & F ” shows 
current bedding in part-B, “G” shows Iron nodules and protuberance features of bedding in part-C, “H” shows Iron 
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Results and Discussion 
Vertical variations in lithofacies have been studied 
in the Lumshiwal Formation of lower Cretaceous in 
the Surghar Range, Trans-Indus Salt Ranges of 
North Pakistan. This formation is divided into three 
major units which are different from each other. 
Their depositional environments, beddings, grain 
sizes, primary sedimentary structures, texture, fresh 
and weathered colors, stiffness and compositions 
are different within the formation. The lithology of 
formation consists of sandstone facies but these 
facies are internally comprised of different 
lithofacies of diverse characteristics. The 
lithofacies-A is comprised of mudstone, clay stone, 
shale and coal seam. The sandstone is white to 
whitish gray coarse grained of quartz to feldspathic 
composition which reveals beach to deltaic 
depositional environments. Degree of cementation 
is weak in the sandstone horizon. The middle part 
of the formation is comprised of sandstone of 
variegated color, coarsening of sand. Grain size 
decreases toward base of the lithofacies-B. Up to 
one inch diameter quartz and feldspar accumulated 
particles make a bed of thickness <01m in middle 
part of lithofacies-B. Thickness of this particular 
bed decreases towards north and northeast. The 
base of this unit is transitional with greenish gray to 
bluish gray glauconitic sandstone. This lithofacies 
represents shallow marine to beach depositional 
environments. The lithofacies-C represents 
transitional environment with the Chichali 
Formation. This part of the formation comprised of 
parallel bedding of fine to medium grained, 
greenish gray to bluish gray silty sandstone (Fig.3). 
This facies is cyclic alternation of beds. The grain 
sizes in sandstone reveal coarsening up-ward 
sequence. The lithofacies-C, sandstone comprised 
of clay matrix with glauconite and burrows, usually 
thick to massive bedding, and upward increasing 
grain size, was probably deposited in shallow-
marine to prodeltaic environments. The glauconite 
represents mineralized fecal pellets of burrowing 
organisms. The intraformational depositional 
environments gradually changes from shallow 
marine to beach and deltaic from bottom to top 
respectively and showing regressional phase of sea 
during lower to middle and middle to upper 
Cretaceous. The coal and carbonaceous content in 
upper part of the formation reveals continental 
conditions of deposition. But in general the 
formation shows marine to deltaic types of 
depositional environments. The formation shows 
shallow marine conditions for the lower part and 
beach to deltaic for the upper part. Thickness of the 
Lumshiwal Formation decreases from south to 
north and northeast to east towards the KaIabagh 
Fault System (Danilchik and Shah, 1987). 
Frederiksen (1992) suggested a brackish-to-marine 
environment of deposition for lithofacies-A, upper 
part of the Lumshiwal on the basis of occurrences 
of the Acritarch Veryhachium sp. A broader age 
range for the Lumshiwal Formation from Late 
Jurassic to lower Cretaceous was suggested by 
Frederiksen (1992). Age assigned to the upper part 
of Lumshiwal Formation is upper Cretaceous by 
Danilchik and Shah (1987). Geochemistry of the 
formation shows that most of the formation is 
characterized by quartzarenite to sub-litharenite to 
subarkose. The formation is economically 
imperative due to the presence of primary and 
secondary fractures and opening to accumulate 
substantial quantity of fluids. The porosity and 
permeability visually observed high due to 
presence of immeasurable voids at the outcrop 
level. The existence of these characteristic features, 
the Lumshiwal Formation has the potential to build 
a reservoir horizon for the accumulation of 
hydrocarbon. Lumshiwal has already been proven 
as hydrocarbon reservoir prospect in the Kohat-
Potwar plateau. Beside the hydrocarbon potential, 
the formation reveals multipurpose importance due 
to the occurrence of silica sand, coal seams and 
laterite beds to explore for diverse exploitations.      
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